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ANALYSIS OF ACCELERATION, AIRSPEED, AND GET-VELOCITY DATA 

FROM A FOUR-ENGm TURBOPROP TRANSPORT OPERATING 

OVER THE EASTERN UNITED STATES 

By Martin R. Copp and Mary W. Fetner 

Airspeed, a l t i t ude ,  and acceleration data  obtained with an NASA 
(formerly NACA) VGH recorder i n s t a l l ed  i n  a four-engine turboprop t rans-  
port  operating over the Eastern United States were evaluated t o  deter-  
mine the  magnitude and frequency of occurrence of gust ve loc i t ies  and 
gust and maneuver accelerations.  The resu l t s  obtained were then com- 
pared with the  r e s u l t s  previously obtained from two long-haul operations 
zti1izii-g t ransports  equipped - i t h  four  piston-type engines and f lo-rn 
over e s sen t i a l ly  similar routes. 

The gust and gust-load experiences f o r  the  turboprop operation were 
e s sen t i a l ly  s imilar  t o  those f o r  t he  piston-engine operations. I n  addi- 
t ion,  the results indicated that maneuver-acceleration h i s to r i e s  f o r  the 
turboprop operation were similar t o  those f o r  piston-engine operations 
previously sampled. 
conditions at  a higher percentage of its design cruising speed than were 
the piston-engine t ransports .  

The turboprop transport  w a s  flown during c ru ise  

INTRODUCTION 

Beginning about 1932, a continuing study of the  magnitude and f r e -  
quency of occurrence of gusts, gust accelerations, and maneuver acceler-  
a t ions experienced by transport  airplanes i n  rout ine operations has been 
made. During t h i s  time, commercial a i r l i ne  operations have been system- 
a t i c a l l y  sampled i n  order t o  obtain as wide a coverage as possible with 
regard t o  a i rplane types, operators, and geographical location of routes.  
Assessments of the  e f f ec t s  of these variables on the  gust and load his -  
t o r i e s  and operating pract ices  of t he  operations sampled have then been 
made. With the  introduction of turbine-powered transports,  it might be 
expected t h a t  the  operating pract ices  and, therefore,  loads h i s t o r i e s  
would change because of differences in  the charac te r i s t ics  of t he  new 

.1. airplanes and the  current piston-engine airplanes.  
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I n  order t o  obtain s t a t i s t i c a l  information on the  gust loads and 
operating pract ices  of these new airplane types, the  National Aeronautics h 

and Space Administration has i n i t i a t e d  a program with the cooperation of 
the a i r l i nes  t o  i n s t a l l  NASA (formerly NACA) V-G and VGH recorders i n  
several  of t h e i r  turbine-powered transports.  The present paper presents 
an analysis of the i n i t i a l  sample of VGH data obtained from a four-engine 
turboprop transport  operating over the eastern portion of t h e  United 
S ta tes .  
boprop transport  are  compared with those f o r  two long-haul operations 
u t i l i z ing  t ransports  equipped with four piston-type engines and flown 
over essent ia l ly  s i m i l a r  routes ( r e f .  1 and operation H-VI11 of r e f .  2) .  

The gust and load h i s to r i e s  and operating pract ices  of the tur- 

INSTRUMENTATION AND SCOPE OF DATA 

The data  were col lected with an NASA (formerly NACA) VGH recorder 
which ob ta ins  a continuous record of the  a i rp lane ' s  indicated airspeed, 
pressure a l t i tude ,  and normal acceleration f o r  use i n  a study of the  
a i rp lane ' s  load h is tory  and i t s  associated operating pract ices .  
detai led description of the recorder i s  given i n  reference 3. 

A 

The present data  were obtained from routes flown over the  eastern 
portion of the United S ta tes  from June 1957 t o  September 1958. VGH data 
representing 1857.5 hours of f l i g h t  were obtained; t h i s  number included 
19.3 hours spent i n  check f l i g h t s .  A t o t a l  of 1,347 operational f l i g h t s  
were made during the  record-collection period with an average f l i g h t  
duration of 1.36 hours. Cruising a l t i t udes  of these f l i g h t s  ranged from 
about 5,000 f ee t  t o  24,000 f ee t .  

- 

The charac te r i s t ics  of the airplane used i n  evaluating the  VGH 
records and analyzing the data  a re  as follows: 

Design gross weight, W, l b  . . . . . . . . . . . . . . . . . . .  
Average operating weight, l b  . . . . . . . . . . . . . . . . . .  
Wing area, S, sq  f t  . . . . . . . . . . . . . . . . . . . . . .  

Mean geometric chord, E ,  f t  . . . . . . . . . . . . . . . . . .  
Slope of l i f t  curve, per radian 

Span, b, f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect ra t io ,  A . . . . . . . . . . . . . . . . . . . . . . . .  

computed from - 6A . ( A + 2' 
s e e r e f .  4 )  . . . . . . . . . . . . . . . . . . . . . . . . .  

Design speed fo r  maximum gust i n t ens i ty  ( indicated) ,  

Design cruising speed ( indicated) ,  Vc, knots . . . . . . . . . .  
Vg, knots . . . . . . . . . . . . . . . . . . . . . . . . . .  

63, ooo 
53 , 500 

963 
93.7 
9.1 

10.3 

4.92 

166 
238 



Never-exceed speed (indicated),  VNE, knots . . . . . . . . . . . 272 
0 Normal accelerat ion corresponding t o  the limit-gust-load- 

fac tor  increment, & ~ , J J ,  g units (computed according 
t o r e f .  3 ) .  . . . . . . . . . . . . . . . . . . . . . . . . . 1.31 

The per t inent  operational data  and charac te r i s t ics  of the  turbo- 
prop t ransport  and the two long-haul airplanes hereinaf ter  re fer red  t o  as 
piston-engine t ransports  a re  given i n  table I. 
r e f .  1 and operation H-VI11 of r e f .  2 have been designated operations A 
and B, respect ively.)  In  addition, f l i g h t  p ro f i l e s  based on average 
values of indicated airspeed, pressure a l t i tude ,  and length of f l i g h t  
a r e  shown i n  f igure  1 fo r  the three operations. The average values of 
the quant i t ies  p lo t ted  were obtained from t o t a l  operational da ta  samples 
(approximately 1,838 hours of VGH data  f o r  the turboprop t ransport  and 
1,038 and 1,721 hours f o r  operations A and B, respectively) and, there- 
fore,  do not represent specif ic  f l i gh t s .  

(The operational data of 

EXALUATION OF DATA AND RESULTS 

. The VGH records were evaluated i n  accordance with the procedures 
described i n  d e t a i l  i n  reference 6. 
of reading posi t ive and negative gust acceleration peaks 
threshold of +0.2g by using the steady-flight posi t ion of the acceler- 
a t ion t r a c e  as a reference. 
p r e v i c x  kvest . lgat ions (which used an evaluation threshold of +O. 3g) 
in erdzr that a count of the smalier gat  &ccefer,zfyions could be m a d e .  
These data were formed in to  combined (posi t ive m-6 negative) frequency 
d is t r ibu t ions  of gust accelerations and me given i n  t ab le  I1 f o r  c l a s s  
in te rva ls  of 0 . l g  f o r  each f l i g h t  condition (climb, en route, and 
descent),  as well  as fo r  the t o t a l  sample. 
and s t a t u t e  f l i g h t  miles represented by each d i s t r ibu t ion  a re  a l so  given 
i n  t ab le  11, as  well as  the average indicated airspeeds f o r  each phase Of 

the operation and the  average number of accelerations equal t o  o r  grea te r  
than fO.2g experienced per mile of f l i gh t .  The t o t a l  acceleration d is -  
t r i bu t ion  of t ab le  I1 i s  shown in figure 2 in terms of the  average num- 
ber of accelerations above a given value experienced per mile of f l i g h t .  
The ordinate values were obtained by progressively summing ( s t a r t i n g  with 
the  frequency of the la rges t  acceleration) the t o t a l  frequency distri- 
bution of t ab le  I1 and then dividing each sum by the  t o t a l  f l i g h t  dis-  
tance represented by the data. S i m i l a r  d i s t r ibu t ions  fo r  operations A 
and B a re  a l so  given i n  f igure 2. 

Basically, the  evaluation consisted 
&n above a 

1 

These procedures d i f fe red  s l i g h t l y  from 

The number of f l i g h t  hours 
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Since the charac te r i s t ics  of the airplanes used i n  operations A 
and B were d i f fe ren t  from those of the  turboprop t ransport ,  the  accel- 
erations cannot be used as a measure of the r e l a t i v e  load h i s to r i e s  of 
the various operations. 
the  acceleration d is t r ibu t ions  of f igure 2 are presented in  f igure  3 as 
a r a t i o  of the  measured normal-acceleration increment t o  the  normal- 
acceleration increment corresponding t o  the computed limit-gust-load- 
f a c t  o r  increment 
t he  operations. The ordinate scale ,  as i n  f igure 2, is  i n  terms of the  
frequency of occurrences grea te r  than a given value per mile of f l i g h t .  
The values of used i n  obtaining f igure 3 are given i n  t ab le  I. 

I n  order t o  make a more appropriate comparison, 

+,m of the  par t icu lar  t ransports  used i n  each of 

L;LF , 

Maneuver Accelerations 

Operational- and check-flight-maneuver accelerations were evaluated 
b:. reading the appropriate peak def lect ions of the acceleration t r ace  
gr.:ater than a value of fO. lg .  
accelerations have been described i n  d e t a i l  i n  previous papers. 
f o r  example, r e f .  7 . )  

The procedures used t o  evaluate maneuver 
(See, 

Frequency d is t r ibu t ions  of pos i t ive  and negative operational- and 
check-flight-maneuver accelerations a re  given i n  t ab le  111. The t o t a l  
number of record hours, the amount of time ac tua l ly  spent i n  check 
f l i gh t s ,  and the  f l i g h t  miles represented by the d is t r ibu t ions  a re  a l so  
shown in t h i s  table .  

The frequency of occurrence of posi t ive and negative operational- 
and check-flight-maneuver accelerations f o r  the turboprop operation a re  
p lo t ted  in  f igure  4. 
d i s t r ibu t ions  of gust accelerations a re  shown a l so  i n  f igure 4 f o r  the  
turboprop t r m s p o r t  . 

For comparison, posi t ive and negative frequency 

G u s t  Velocit ies 

Derived gust ve loc i t ies  Ude were calculated fo r  each gust accel- 
e ra t ion  peak by means of the  revised gust-load formula of reference 8: 

where 

Ude 

w airplane weight, lb 

derived gust velocity,  fps  
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8n normal accel  

Kg gust fac tor  

r 

air  density a t  
PO 

t ion ,  g units 

sea level ,  slugs/cu f t  

ve equivalent airspeed, fps  

m slope of l i f t  curve per radian 

S wing area, sq  f t  

The average airplane operating weight of 53,500 l b s  was used i n  deter-  
mining the values of 
The resu l t ing  combined (posi t ive and negative) frequency d is t r ibu t ions  
of derived gust ve loc i t ies  fo r  the turboprop operation are l i s t e d  i n  
t ab le  IV i n  c lass  in te rva ls  of 4 f ee t  per second f o r  each 5,000-foot 
pressure-alt i tude in t e rva l  and f o r  the t o t a l  operation. 
flight hours, f l i g h t  miles, and the average number of gust ve loc i t i e s  
equal t o  or  greater  than 4 f e e t  pe r  second encountered per miie of 
f l ight f o r  each a i t i t ude  interval mi  C s  the t.ot.ai ope rz t lm  
given i n  tab le  I V .  

% and i n  calculating the gust ve loc i t i e s .  

The number of 

slso 

The frequency of occurrence of gust ve loc i t ies  f o r  the  complete 
operation i s  p lo t ted  i n  f igure  5. 
f o r  operations A and B a r e  shown i n  f igure 5 f o r  comparison. Due t o  
incomplete frequency counts of gust ve loc i t ies  l e s s  than 12 f e e t  per 
second f o r  operations A and B, the  frequency of occurrence of gust  
ve loc i t ies  l e s s  than 12 f e e t  per secviid g5;s sz i t tcd  f'rcz firrllre 5 
f o r  the three operations shown. 

Gust-velocity frequency d is t r ibu t ions  

u 

Operating Airspeeds 

The indicated airspeed and pressure a l t i t u d e  were read from the  
VGH records f o r  each 1-minute interval  of f l i g h t  i n  order t o  obtain 
average airspeeds and pressure a l t i t udes  f o r  the climb, en route, 
and descent f l i g h t  conditions and f o r  t he  t o t a l  data  sample obtained. 
Average airspeeds i n  rough a i r  were a l so  computed t o  determine whether 
s ign i f icant  airspeed reductions were made upon encountering turbulence. 
These values were calculated from the 1-minute airspeed readings which 
were read during rough-air conditions. For t h i s  evaluation, any port ion 
of the VGH record w a s  considered t o  represent rough air  i f  t he  acceler-  
a t ion  t r ace  contained gust-acceleration peaks of at  l e a s t  f0.2g. Aver- 
age airspeed values fo r  the overal l  operation and f o r  the rough-air 
phases of the gperation a re  l i s t e d  i n  tab le  I as f rac t ions  of f o r  Vc 
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t h e  climb, en route, and descent. f l i g h t  conditions. Similar airspeed 
r a t i o s  f o r  operations A and B are shown a l so  i n  t ab le  I. For opera- 
t i ons  A and B, however, airspeeds i n  rough air  were defined as airspeeds 
a t  which gust accelerations grea te r  than +0.3g were encountered. 

RELIABILITY OF RESULTS 

Instrument e r ro r s  i n  the VGH recorder and i n s t a l l a t i o n  e r ro r s  have 
been discussed i n  d e t a i l  i n  reference 9 .  These e r ro r s  are not considered 
of suff ic ient  magnitude t o  a f fec t  the  r e l i a b i l i t y  of t he  present r e su l t s .  
Reading errors,  however, can a f fec t  the  r e l i a b i l i t y  of the  r e s u l t s  as 
indicated i n  reference 10. The e f fec t  of these e r rors  tends t o  diminish 
as the  data sample increases up t o  about 1,000 hours a f t e r  which it 
remains essent ia l ly  constant. For the  present operation (1857.5 hours), 
it i s  estimated that the  acceleration and derived-gust-velocity values 
f o r  the t o t a l  operation a re  r e l i ab le  t o  within kl3 percent f o r  a given 
frequency of occurrence a t  the lower values. The r e l i a b i l i t y  of the  d is -  
t r ibut ions f o r  5,000-foot a l t i t ude  in te rva ls  and f o r  the  climb, en route, 
and descent f l i g h t  conditions i s  somewhat l e s s  due t o  the smaller amount 
of data  i n  each d is t r ibu t ion .  

The r e l i a b i l i t y  of the gust accelerations and derived gust veloc- 
i t i e s  fo r  operation A (operation F-VI of ref.  2; 1,038 hours) and oper- 
a t ion  B (operation H-VI11 of r e f .  2; 1,721 hours) i s  estimated a l so  t o  
be about +l5 percent. 

L 
4 
5 
0 

I n  addition t o  reading errors ,  sampling var ia t ions may a l so  a f f ec t  
the  r e l i a b i l i t y  of the VGH data.  E s t i m a t e s  of the  s t a t i s t i c a l  relia- 
b i l i t y  of the t o t a l  da ta  sample were made, based on the  method described 
i n  reference 6, and indicated that the t o t a l  d i s t r ibu t ions  of gust accel- 
e ra t ion  and gust velocity ( f igs .  2 and 5 )  are s t a t i s t i c a l l y  r e l i ab le  
within a fac tor  of about 2 on the ordinate scale  at the  smaller values 
and w i t h i n  a fac tor  of about 3 at the  higher values. 
were determined f o r  operations A and B. 

Similar estimates 

DISCUSSION 

Gust Accelerations and Gust-Load Histor ies  

Comparison of the  curves of f igure  2 indicates  t h a t  f o r  the  three 
operations shown no differences are apparent i n  the frequency of occur- 
rence of gust accelerations.  This might be expected since the routes  
flown and operating charac te r i s t ics  of the airplanes as noted i n  f ig-  
ure 1 are essent ia l ly  similar.  It should be noted, however, t h a t  a 



7 

L 
4 
5 
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c 

turboprop airplane i s  capable of operating e f f i c i e n t l y  at other air-  
speeds and a l t i t udes  and other  operations may d i f f e r  s ign i f icant ly  from 
the  one sampled. 

A breakdown of the VGH gust-acceleration da ta  i n t o  d i s t r ibu t ions  
f o r  the  climb, en route, and descent conditions indicated t h a t  the  
grea tes t  number of gust accelerations 2 0.2g per m i l e  of f l i g h t  were 
encountered during the  descent condition and the l e a s t  number during 
the  en route or cruise  condition ( tab le  11). These r e s u l t s  are i n  gen- 
e r a l  agreement with previous investigations.  (See, f o r  example, ref .  6. ) 

The curves of f igure 3 indicate t h a t  the load his tory  (based on 
exceeding given f rac t ions  of the  computed limit-gust-load-factor incre- 
ment) f o r  the turboprop operation i s  approximately the same as f o r  oper- 
a t ion  A and s l igh t ly  more severe than for ,operat ion B. However, t he  
differences as shown i n  f igure  3 do not appear t o  be s ignif icant .  

Maneuver Ac ce ler  at ions 

Figure 4 indicates  t h a t  positive and negative frequency d is t r ibu-  
t ions  of gust accelerations as well as operational- and check-flight- 
maneuver accelerations are approximately s p n e t r i c a l  fer the turbcprcp 
operations and that the m a x i m u m  posit ive gust and check-flight-maneuver 
accelerations were larger  than the negative values. 

The r e s u l t s  shown i n  f igure 4 a re  i n  general agreement with previous 
invest igat ions (refs. 6, 7, and 11) which indicated t h a t  generally, f o r  
the smaller acceleration values, the gust accelerations are more frequent 
than the maneuver accelerations.  For some operations ( ref .  6), however, 
the  frequency of the larger  maneuver accelerations (1.Og or  greater) may 
equal the frequency of the gust accelerations. 
noted fo r  the posi t ive maneuver accelerations ( f i g .  4 )  from the  present 
operation. It i s  f e l t ,  therefore, t h a t  the r e l a t i v e  contribution of the 
maneuver accelerations t o  the t o t a l  f l i g h t  load h is tory  i s  probably 
dependent upon individual pi lot ing techniques as w e l l  as d i f fe ren t  oper- 
a t iona l  procedures used by the various a i r l i n e s .  

Such a tendency may be 

Gust Ve l o  c i t i e s 

Figure 5 shows that essent ia l ly  no differences e x i s t  among the f r e -  
quencies of occurrence of gust veloci t ies  f o r  the three operations. The 
s imi l a r i t y  of the gust dis t r ibut ions would normally be expected since 
most of the VGH data  f o r  the  three operations were obtained over essen- 
t i a l l y  the  same portion of the United S ta tes  at  approximately the same 
a l t i t udes .  
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A fur ther  breakdown of the gust-velocity data  w a s  made ( tab le  I V )  
t o  determine the var ia t ion of gust frequency with pressure a l t i t ude  f o r  
the  al t i tude range covered by the  turboprop operation. 
t h a t  a f a i r l y  orderly decrease i n  gust frequency with increasing pres- 
sure a l t i tude existed from sea l eve l  t o  about 20,000 f e e t .  For t h e  
20,000- t o  25,000-foot a l t i t ude  interval ,  however, no fur ther  reductions 
were observed. 
da ta  obtained f o r  a l t i tudes  above 20,000 fee t .  
t i o n a l  data f o r  the  higher a l t i tudes  are  needed before any de f in i t e  
trends can be established f o r  a i r l i ne  operations although references 12 
and 13 indicate that a decrease i n  gust frequency should continue t o  
much higher a l t i tudes .  

It w a s  found 

This may be due t o  the  comparatively s m a l l  amount of 
(See t ab le  I V . )  Addi- 

Airspeed Practices 

L l  
4 
5 
0 

An examination of tab le  I indicates  that the turboprop t ransport  
was flown during en route or cruise conditions at  a higher percentage 
of i t s  design cruising speed 
I n  addition, reductions of 3 percent and 7 percent, respectively, of 
are  apparent f o r  the cruise  and descent conditions i n  turbulent air  f o r  
the turboprop operation. For the  piston-engine airplanes, however, no 
reductions i n  the  average airspeeds upon encountering turbulence are 
indicated i n  tab le  I. 

Vc than were the piston-engine airplanes.  

Vc 

Portions of VGH records showing substant ia l  decreases i n  airspeed 
upon encountering turbulence are presented i n  f igure 6 f o r  the  turboprop 
operation. 
t h a t  slowdown procedures were a l so  practiced t o  some extent.  However, 
it appeared, i n  general, that slowdown procedures upon encountering tur- 
bulence were practiced more extensively f o r  the turboprop operation than 
f o r  t he  two piston-engine operations. 
the piston-engine-transport operators of not reducing the  airspeed unless 
turbulence more severe than that represented i n  the present da ta  i s  
encountered. 

The VGH records f o r  the  piston-engine airplanes indicated 

This may be due t o  a pract ice  of 

CONCLUSIONS 

An analysis of VGH data  obtained from a four-engine turboprop- 
t ransport  operation has been made. A comparison of the r e s u l t s  with 
those of two long-haul operations u t i l i z ing  t ransports  equipped with 
four piston-type engines and flown over essent ia l ly  s i m i l a r  routes has 
indicated the following r e su l t s  : 

. 
I 

n 
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1. The frequency of occurrence of gust accelerations and gust veloc- 
ities of a given value were similar for the three operations. 

2. Given fractions of the limit-gust-load-factor increment 
occurred as frequently f o r  the turboprop operation as for the piston- 
engine operations. 

an/%,m 

3 .  Maneuver-acceleration histories for the turboprop operation were 
similar to those for piston-engine operations previously sampled. 

4. The turboprop airplane was flown during cruise conditions at a 
higher percentage of its design cruising speed VC 
engine transports. 

than were the piston- 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., April 28, 1959. 

. 
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TABLE I1 

FREQUENCY DISTRIBUTIONS OF GUST ACCELERATIONS BY F L I G R T  CONDITION 

Normal acceleration 
(posi t ive o r  negative), 

an, g units 

Frequency of occurrence f o r  - Total 
'requency of 
occurrence L 

4 
Climb En route Descent 

0.2 to 0.3 
.3 t o  .4  
.4 t o  .? 
.5 t o  .6 
.6 t o  .7 
.7 t o  .8 
.8 t o  .9 
.g t o  1.0 

1.0 t o  1.1 
1.1 t o  1.2 
1 .2  to 1 . 3  
1.3 to 1.4  

5 
0 

c 

Total . . . . . . . . . . 6,546 7,526 15,878 29,950 . 
316. : 450.2 1838.2 Flight hours . . . . . . 1071.7 

Flight miles . . . . . . 5;?  x 104 32.1 x lo4 50.7 x 10 4 

Average indicated 
airspeed, knots . . . . 

Average number of 
accelerations 2 kO.2g 
per mile . . . . . . . 

209.8 200.6 167.4 202.3 

1.23 x 10-1 t.36 x 10-l 0.59 x 10'1 0.95 x 10-1 

. 
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0.5 t o  0.6 
.4 t o  .5 
. 3  t o  .4 
.2 t o  .3  
-1 t o  .2 

~ 

~ 

TABU I11 

-.l t o  -.2 
- .2  t o  - . 3  
- . 3  t o  - .4  
-.4 t o  - .5  
- . 5  t o  -.6 

Total  . . . . . . . 
Fl ight  hours . . . 
Fl ight  m i l e s  . . . 

FREQUENCY DISTRIBUTIONS OF MANEWER ACCELERATIONS 

15,775 
690 
90 

7 
1 

35,725 

1838.2 

50.7 x lo4 

(a) Operational maneuvers (b) Check-f l i g h t  maneuvers 

Normal acceleration, 
an, g units 

Frequency of 
occurrence 

-l----- 
3 I 1:; 

915 
18,059 

I I f 
Normal acceleration 

an, g u n i t s  

0.8 t o  0.9 
.7 t o  .8 
.6 t o  -7 
.5 t o  .6 
.4 t o  .5 
.3  t o  .4 
- 2  t o  .3 
.1 to .2 

-.l t o  - .2  
- .2 t o  - .3  
-.3 t o  -.4 
-.4 t o  - .5 

Frequency of 
occurrence 

2 
1 
1 

29 
96 

892 

729 
54 
15 
1 

T o t a l . .  . . 1,829 1 
Fl ight  hours 1857.5 

L 
4 
5 
0 

Fl igh t  m i l e s  51.0 x 104 
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Figure 1.- Average f l i g h t  p ro f i l e s  fo r  three t ranspor t  operations.  
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Figure 2.- Comparison of frequency of exceeding given values of gust  
acceleration per mile of f l i g h t  f o r  three t ransport  operations. 



18 

\ 

r 

Figure 3 . -  Comparison of frequency of exceeding given values of 
% / a n , m  f o r  th ree  t ransport  operations. 
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Figure 4.- Cornpaxison of frequency of exceeding given values of gust 
and maneuver accelerations per mile of f l i g h t .  
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Figure 6. - VGH records indicating airspeed reductions upon encountering 
turbulence. 
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